Introduction
Derivatives of 4H-1-benzopyran-4-one, also known as 4H-chromen-4-ones or chromones, belong to an important class of natural oxygen-containing heterocycles that are widely distributed among many plants [1] . Many natural and synthetic chromone derivatives exhibit various types of biological activities [2] and find use as valuable synthetic intermediates in the preparation of pharmacologically relevant products and new heterocyclic systems [3] [4] [5] . In recent years, 3-formylchromones have attracted considerable attention as highly reactive compounds, which can serve as the starting materials in synthesis of a whole series of heterocycles with useful properties due to three strong electrophilic centres (carbon atoms C-2 and C-4 of the chromone system and formyl group) [6] . These compounds possess a highly polarized C2-C3 -bond and their reactions with dinucleophiles start predominantly from the attack of the unsubstituted C-2 atom (1,4-addition) and are accompanied by pyrone ring opening to form the -dicarbonyl intermediate capable of undergoing intramolecular heterocyclizations [7, 8] . In continuation to our interest in the chemistry of 4-oxo-4H-chromene-3-carbaldehydes ring system [9] [10] [11] [12] [13] [14] , owing to its considerable biological activities. The present work describes the preparation of new systems derived from the reaction of 4-oxo-4H-chromene-3-carbaldehydes 1a,b with primary amines 2a,e and amide/thioamide derivatives 6a-d in polar and non-polar solvents. The antifungal activities for some the prepared compounds were investigated. Also, the AM1 molecular orbital calculations for some new compounds were studied and compared with their experimental 1 H NMR values.
Experimental

Instrumentation
The melting point was determined in an open capillary tube on a digital Stuart SMP-3 apparatus. Infrared spectra were measured on Perkin-Elmer 293 spectrophotometer (cm -1 ), using KBr disks. 1 H NMR spectra were measured on Gemini-200 spectrometer (200 MHz), using DMSO-d6 as a solvent and tetramethylsilane (TMS) (δ) as the internal standard. Mass spectra recorded on a Gas Chromatographic GCMSqp 1000 ex Shimadzu instrument at 70 eV. Elemental microanalyses were performed in microanalysis center at Cairo University. The purity of the synthesized compounds was checked by thin layer chromatography (TLC). 4-Oxo-4H-chromene-3-carbaldehydes 1a,b, primary amines 2d-e and amide 6b-c were prepared by published methods: 1a,b [15] , 2d [16] , 2e [17] , 6b [18] , 6c [19] .
Synthesis
3-(Aryliminomethyl)-4-oxo-4H-chromenes (3a,d,e)
A mixture of 4-oxo-4H-chromene-3-carbaldehydes 1a,b (10.00 mmol) and amino compounds namely 1,4-phenylenediamine (2a), 4-amino-5-methyl-3-thioxo-1,2,4-triazole (2d) and 4-amino-6-methyl-3-thioxo-1,2,4-triazin-5(2H)-one (2e) (10.00 mmol) in absolute ethanol or dry benzene (50 cm 3 ) containing of 4-toluenesulfonic acid (0.01 g) was refluxed for 5 h. The obtained solids were filtered off and crystallized to give 3a,d,e, respectively.
Scheme 1
3-(Aryliminomethyl)-4-oxo-4H-chromenes (3b,c)
A mixture of 1a (2.08 g, 10.00 mmol) and 2-furfurylamine (2b) or 4-aminoantipyrine (2c) (2.03 g, 10.00 mmol) in dry benzene (50 cm 3 ) containing 4-toluenesulfonic acid (0.01 g) was refluxed for 5 h. The obtained solids were filtered off and crystallized to give 3b,c, respectively. A mixture of 3c (3.73 g, 10.00 mmol) and 1-butanethiol (0.9 g, 10.00 mmol) in dry toluene (50 cm 3 ), was refluxed for 2 h. The solution so obtained was concentrated to half volume. The obtained solid was filtered off and crystallized to give 4c.
4-[(2-
(
3-[(Arylamino)methylene]-2-ethoxy-2,3-dihydro-6-methylchromen-4-ones (5b,c)
Method A: A mixture of 1a (2.08 g, 10.00 mmol) and 2-furfurylamine (2b) or 4-aminoantipyrine (2c) (10.00 mmol) in absolute ethanol (50 cm 3 ) was refluxed for 5 h. The obtained solids were filtered off and crystallized to give 5b,c, respectively.
Method B: A compound 3b,c (3.73 g, 10.00 mmol) were boiled in absolute ethanol (50 cm 3 ) for 5 h. The obtained solids were filtered off and crystallized to give 5b,c, respectively.
3-[(Arylamino)methylene]-2-ethoxy-2,3-dihydro-6-methylchromen-4-ones (7a-c)
A mixture of 1a (2.08 g, 10.00 mmol) and amide compounds namely 2-cyanoacetamide (6a), 4-chlorobenzylidene-semicarbazone (6b) and 2-amino-4H-chromen-3-carboxamide (6c) (10.00 mmol) in absolute ethanol (50 cm 3 ) was refluxed for 5 h. The obtained solids were filtered off and crystallized to give 7a-c, respectively.
3-(N-Aroylamino-1-hydroxymethyl)-6-methylchromen-4-ones (8a,c)
Equimolar amounts of 1a (2.08 g, 10.00 mmol) and amide derivatives namely 2-cyanoacetamide (6a), 2-amino-4H-chromen-3-carboxamide (6c) (10.00 mmol) in dry benzene (50 cm 3 ) containing 4-toulenesulfonic acid (0.01 g) were refluxed for 5 h. The obtained solids were filtered off and crystallized to give 8a,c, respectively.
1-(4-chlorobenzylidene)-4-(2-hydroxy-6-methyl-4-oxo-2H-chromen-3(4H)-ylidene)methyl)thiosemicarbazide (9d)
Equimolar amounts of 1a (2.08 g, 10.00 mmol) and 4-chlorobenzylidenethiosemicarbazone (6d) (2.13 g, 10.00 mmol) in dry benzene (50 cm 3 ) containing 4-toulenesulfonic acid (0.01 g) was refluxed for 5 h. The obtained solid was filtered off and crystallized to give 9d. 
Results and discussion
Chemistry
Condensation reactions of Equimolar quantities of 4-oxo-4H-chromene-3-carbaldehydes 1a,b with active primary amines namely, 1,4-phenylenediamine (2a), 4-amino-5-methyl-3-thioxo-1,2,4-triazole (2d) and 4-amino-6-methyl-3-thioxo-1,2,4-triazin-5(2H)one (2e) in ethanol and/or dry benzene containing 4-toluenesulfonic acid as a catalyst yielded 3-(aryliminomethyl)-4-oxo-4H-chromenes 3a,d,e, respectively (Scheme 1).
Similarly, reaction of 1a with 2-furfurylamine (2b) and 4-aminoantipyrine (2c) in dry benzene containing 4-toluenesulfonic acid gave 3-(aryliminomethyl)-4-oxo-4H-chromene derivative 3b,c, respectively, but when 1a reacted with 2b,c in boiling ethanol yielded 1,4-adducts 5b,c, respectively (Scheme 1). Reaction of 3c with nucleophilic reagents gave 1,4-adducts due to 1,4-addition of nucleophilic reagent. Thus, reaction of 3c with 1-butanethiol in dry toluene gave 4c, and when 3b,c were refluxed in absolute ethanol gave 5b,c (Scheme 1). Structure of products 3a-e, 4c and 5b,c were confirmed by elemental analysis, IR, 1 H NMR and mass spectra (Table 1 and 2). The 1,4-adducts 5b,c were formed by condensation of aldehyde 1a with primary amines 2b,c followed by 1,4-addition of ethanol as nucleophile. In addition, 1 H NMR spectra of 5b,c support the presence of H-2 hydrogen atom on pyranone system not on pyrone system. The reason for this rather unusual ring-addition of ethanol to give 1,4-adducts 5b,c was the formation of the stable hydrogen-bonded ketoamine system [20] .
On the other hand, condensation of aldehyde 1a with primary amines 2a,d,e gave only condensation products 3a,d,e and not gave 1,4-adducts with addition of ethanol because the primary amines 2a,d,e are more basic amines in comparison with the amines 2b,c and their basicity are sufficiently to deprotonated the 1,4-adducts and initiate the elimination of ethanol to give only the condensation products.
The behaviour of aldehyde 1a towards amide/thioamide derivatives 6a-d in polar and nonpolar medium has been studied. Thus, reaction of 1a with cyanoacetamide (6a), 4-chlorobenzylidenesemicarbazone (6b) and 2-amino-4H-chromene-3-carboxamide (6c) in boiling ethanol afforded the 1,4-adducts 7a-c with addition of ethanol [20, 21] (Scheme 2) ( Table 1 and 2) .
On the other hand, reaction of aldehyde 1a with 6a,c in dry benzene containing 4-toluenesulfonic acid as a catalyst afforded 3-(N-aroylamino-1-hydroxymethyl)-6-methyl-chromen-4-ones 8a,c, respectively, while its reaction with 4-chlorobenzylidene-thiosemicarbazone 6d under the same condition afforded 1-(4-chlorobenzylidene)-4-(2-hydroxy-6-methyl-4-oxo-2H-chromen-3(4H)-ylidene)methyl) thiosemicarbazide (9d) (Scheme 3). Structures of 8a,c and 9d were established by 1 H NMR spectra ( Table 2) . 1 H NMR spectra of compounds 8a,c support the presence of OH group on C-9 of chromone moiety, while for 9d support the presence of OH group on C-2 of chromanone moiety.
Molecular orbital calculations
The experimental 1 H-NMR spectra results were compared with theoretical data which were obtained from molecular mechanical calculations on the basis of the semi-empirical AM1 methods of HyperChem 7.5 computer program. The calculated charges on H-2 and H-9 hydrogen atoms using AM1-MO calculation method after geometrical optimization of the structures were compared with experimental 1 H NMR δ values for compounds 3a-9d (Table 3 ).
The calculated charges on H-2 and H-9 hydrogen atoms (QH) are linearly related to the measured 1 H-NMR δ values for compounds 3a-9d from the linear relations δ-NMR(H-2) = 3.748 + 24.476 (QH-2), r = 0.99 except (3a, 4c, 5b, 8c ) and δ-NMR(H-9) 0.133 (6.87) 0.217 (m) *Q = Calculated net hydrogen charges. **m = The proton is multiplet. = 2.975 + 33.65 (QH-9), r = 0.995 except (3e), where r is regression coefficient. The positive slopes reveal a direct proportionality of the calculated charges on H-2 and H-9 hydrogen atoms with measured 1 H-NMR δ values, which support the proposed structures for these compounds. The dependence of 1 H NMR shifts on the charge density at H-9 is more pronounced than that found at H-2, as indicated from slope values.
Antifungal activities
Some of the newly synthesized compounds were screened for their antifungal activities against three species of fungi, Alternaria alternate, Aspergillus niger and Aspergillus flavipes using disc diffusion method [22] .
Scheme 3
Activity of each tested compound was compared with that of Flucanazole as the standard (Table 4) . Compounds 3a and 4c showed very high activities against the three species of fungi. Compound 9d showed very high activities against Aspergillus niger, while compounds 3c, 3e and 5b showed lower activities against the three species of fungi. 
Conclusion
Condensation reactions of 4-oxo-4H-chromene-3-carbaldehydes 1a,b with active primary amines 2a-e and amides/thioamides 6a-d gave condensation products or condensation with 1,4-addition of the solvent medium depends on the basicity of amine derivatives and polarity of the medium.
